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Due to their broncholytic and secretolytic efficacy, preparations from ivy leaves (Hederae helicis folium, Hedera helix L., Araliaceae) are well established in the treatment of productive cough and may also be used for the adjuvant therapy of inflammatory bronchial diseases [1] [2] [3] . Among the different ingredients of ivy leaves, such as flavonoids, phenyl carboxylic acids, or essential oil, saponines are primarily responsible for these therapeutic effects [4] [5] [6] [7] [8] . In particular, the monodesmosidic α-hederin, which arises from the bidesmosidic hederacoside C, was discovered to mediate both secretolysis and bronchodilation by preventing the internalization of β2-adrenergic receptors on the surface of bronchial smooth muscle cells and alveolar type II cells. As a consequence, a higher number of β2-adrenergic receptors can be activated by the endogenous ligand adrenaline. The β2-adrenergic receptor binding and the formation of cAMP is increased. This results in an increased bronchodilation and secretion of surfactant [9] [10] [11] [12] [13] . Thus, H. helix represents a rare example of a pharmaceutically used plant with a clarified mechanism of action for one of its ingredients. In order to guarantee a safe and potent herbal extract with a high yield of active ingredients, it is crucial to find and use optimized production parameters. Furthermore, herbal extracts that were obtained by procedures using different conditions might differ in their composition of the ingredients and, thus, in their therapeutic efficacy, potency, and safety [14, 15] . As a consequence, clinical data obtained by using different ivy leaf extracts cannot be transferred to each other. As shown in a huge number of clinical trials and observational studies, ivy leaf preparations containing the extract EA 575 ® [DER 5-7.5 : 1, extraction solvent: ethanol 30 % (m/m)] combine this therapeutic efficacy and excellent tolerability due to a patented extraction procedure. This review will summarize the results of studies all using preparations of the ivy leaves dry extract EA 575 ® for the treatment of cough and inflammatory bronchial diseases starting from 1990. As a source for the review, the Engelhard Arzneimittel GmbH & Co. KG database was searched for all publications covering clinical studies using EA 575 ® preparations starting from the year 1990. Overall, 18 publications (6 in English, 11 in German, 1 in Slovenian) covering clinical trials
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and non-interventional studies of, in total, 65 383 patients suffering from acute as well as chronic respiratory diseases were included (l " Tables 1 and 2 ).
Lung Function Parameters
!
In the following, both spirometric and bodyplethysmographic parameters assessed in the studies will briefly be defined.
Spirometric parameters [16] Spirometry is a fast and noninvasive method for the measurement of lung volume and respiratory flow parameters. It is applied for the diagnosis of diminished lung volume or an airway obstruction and its partial or full reversibility. VC (vital capacity): volume of air that is breathed out after complete inspiration. FVC (forced vital capacity): volume that is forcedly exhaled after complete inspiration. FEV 1 (forced expiratory volume in 1 second): breathing volume that is forcedly exhaled in the first second after complete inspiration. MEF x% (maximal expiratory flow): maximal expiratory flow when x % of the FVC remain. MEF x%-x% : mean of the expiratory flow during the interval of x% to x% of the FVC. PEF (peak flow): peak flow during maximum expiratory effort.
Bodyplethysmographic parameters [17] In contrast to spirometry, the degree of airway obstruction in body plethysmography is not assessed indirectly by the measurement of restrictions of the airflow during forced expiration but In a randomized, controlled, double-blind study, the effect of Prospan ® drops was examined in 99 adult patients (age 25-70 years) with simple or chronic bronchitis and compared with an ambroxol tablet preparation [18] . The patients were treated for four weeks either 3-5 times daily with 20 drops of the ivy leaves preparation or 3-5 times daily with an ambroxol 30 mg tablet including parallel administration of the respective placebo formulation (drops or tablets). The assessment was based on spirometric data (VC, FEV 1 , PEF), auscultatory findings, and subjective parameters (patientʼs diary). Both, ivy leaves extract drops and ambroxol tablets showed an equivalent therapeutic effect as documented by the improvement of objective and subjective parameters. The results indicate that patients with simple and chronic bronchitis and patients with obstructive chronic bronchitis may benefit from the ivy preparation comparably to the secretolytic therapy with ambroxol [4] . The tolerance of both preparations was good to excellent. The additional bronchospasmolytic effect of the EA 575 ® formulation compared to ambroxol is depicted in a marked difference in the vital capacity in favor of the ivy group at the end of the treatment (mean: + 9.5 % vs. + 1 %). With respect to subjective parameters, the ivy leaves group did not suffer from dyspnea after four weeks anymore, whereas in the ambroxol group, the number of patients with dyspnea increased. Additionally, the antitussive effect tended to be stronger in the ivy leaves group. This study indicates that the ivy leaves dry extract is not inferior to the synthetic mucolytic ambroxol and, furthermore, exerts broncholytic properties. In 1999, the effect of an EA 575 ® preparation was compared with acetylcysteine (ACC) in the treatment of 20 inpatients (9-15 years) suffering from chronic obstructive bronchitis (Gulyas et al. 1999 , cited according to [4] ). The patients were treated for 14-20 days with the ivy leaves preparation (n = 10) or ACC (n = 10). The assessment of the efficacy of the therapy by measurement of spirometric and body plethysmographic parameters revealed improvement of VC, FEV 1 , PEF, and RAW with marked advantages in favor of the ivy group.
In a similar open and controlled study, the effect of an EA 575 ® -containing syrup (n = 53) and ambroxol syrup (n = 19) was compared in the treatment of 72 children (7 months-15 years) suffering from acute inflammatory diseases of the respiratory tract [19] . The ivy leaves syrup was used in the following dosages: 1-6 years old (1 teaspoon 3 times daily), 7-14 years old (2 teaspoons 3 times daily). The treatment was carried out for 7-14 days, depending on the severity of the disease. The assessment of the efficacy was carried out using objective (VC, FVC, FEV 1 , PEF, MEF 25 , MEF 50 ) and subjective (patientʼs diaries) parameters before the beginning and during the medication period. The authors state that after seven days, auscultatory investigations revealed a fast decrease of crepitation only in the ivy group. Both treatments showed comparative results in the reduction of productive cough (after 7 days, > 50 % of the patients were healed; after 14 days: 100 %). After seven days, children suffering from obstructive diseases showed a normalization of the velocity parameters of external respiration only in the ivy group. The potency of the therapy with the ivy leaves extract was rated as "excellent" or "good" in 90 % (physicians) and 87.1 % (patients) of the cases. This study supports the results conducted by Meyer-Wegener et al. [18] and shows that patients with cough/viscous sputum may benefit from the use of an ivy preparation or ambroxol. Furthermore, the study demonstrated a positive influence on symptoms, such as cough, in acute inflammatory diseases. Blood analyses were performed, so the study contributes to safety data of high dosages of ivy leaf preparations in children [4] . In 2004, Prospan ® cough syrup was compared with ACC in the treatment of 50 children (2-10 years) suffering from acute bronchitis (obstructive and nonobstructive) in an open and controlled study [20] . The ivy leaves group (n = 25) was dosed 3 times daily with 5 mL (2-6 years) or 3 times daily with 10 mL (7-10 years). The ACC group (n = 25) was dosed 3 times daily with 100-200 mg (2-6 years) or 3 times daily with 300-400 mg (7-10 years). Both groups were treated for 7-10 days. For evaluation, lung function parameters (FVC, FEV 1 , PEF, MEF 25 , MEF 50 , MEF 75 ) and clinical symptoms were assessed. Both preparations showed equal expectorating action, but patients in the ivy group profited from a statistically significant higher improvement of the lung function parameters compared to the ACC group (e.g., ivy: FEV 1 62 ± 8.4 to 129.62 ± 18.4; ACC: FEV 1 63.7 ± 6.9 to 88.6 ± 8.5, values in % from normal), showing that the ivy leaves dry extract EA 575 ® exerts an obvious broncholytic action. Additionally, in 96 % of cases, the efficacy (ACC: 79.2 %) and in 100 % of the cases, the tolerability (ACC: 76 %) of the ivy leaves preparation was rated at least as "good". The results of the study indicate that the ivy preparation has a benefit for secretolytic therapy in acute bronchitis, concomitant with a disturbance in the formation and transport of viscous expectoration. The comparison suggests that ivy extracts can be therapeutically equivalent or better than ACC in secretolytic therapy and improvement of cough in patients with acute bronchitis [4] .
Placebo-controlled studies
In order to show the effect of ivy leaf preparations on the improvement of ventilatory disorders, the use of ivy leaves dry extract-containing drops in the treatment of 24 children (4-12 years) with bronchial asthma was evaluated in a randomized, double-blind, placebo-controlled, crossover study [21] . Patients were treated 2 times daily with 25 drops containing EA 575 ® or placebo over a period of three days each, interrupted by a washout phase of three to five days. The primary endpoint of the study was the change in RAW in comparison with placebo therapy. Besides RAW, other objective (ITGV, RV, VC, FVC, FEV 1 ) and subjective (intensity of dyspnea, description of cough) parameters were measured. During active therapy, a clinically relevant and statistically significant decrease of the airways resistance (− 0.14 kPa/l/s, − 23.6%, p = 0.0361) and ITGV (− 0.16 l, − 10.1 %, p = 0.0007) vs. placebo could be observed. Other spirometric parameters showed a clinically significant improvement in the ivy group compared to placebo. Mean increases in FEV 1 found after inhalation of a β 2 -sympathomimetic, on day 3 of the treatment,
times 100 µg fenoterol FEV 1 1.83 l; placebo: FEV 1 1.67 l; 10 min after inhalation of 2 times 100 µg fenoterol FEV 1 1.79 l). The authors concluded from this that the bronchodilator effect of dried ivy leaves extract 3 h after ingestion is more or less comparable to that of an inhalational β 2 -sympathomimetic. The result of this study in children with bronchial asthma represents a clinically justified and statistically validated demonstration of the efficacy of the ivy leaves extract. The effect of Prospan ® cough syrup in the add-on treatment of children suffering from partial or uncontrolled mild persistent allergic asthma (n = 30, 6-11 years) was evaluated in a further double-blind, placebo-controlled, randomized, crossover study [22] . After the children were adjusted to 400 µg budesonide equivalent/day at the beginning of the run-in phase, the patients were treated 2 times daily with 5 mL dried ivy leaves syrup or placebo for 28-30 days each, interrupted by a washout phase of an additional 28-30 days. For evaluation of the therapy, spirometry and body plethysmography (e.g., FEV 1 , MEF 75-25 , MEF 25 , VC, RAW) were conducted. Additionally, the patients filled out questionnaires and documented peak flow and asthma symptoms. After the administration of the ivy leaves syrup, a partial improvement of lung function (MEF 75-25 change in the mean 0.115 l/s, p = 0.044; MEF 25 change in the mean 0.086 l/s, p = 0.041; VC, change in the mean 0.052 l, p = 0.044) compared to the placebo was demonstrated. Concerning the primary endpoint of the study (FEV 1 ), no significant change was observed, which might be due to the fact that children diagnosed with bronchial asthma often meet the clinical criteria for severe asthma despite having a normal or only slightly decreased FEV 1 . The authors state that the MEF 75-25 might therefore be regarded as the most significant parameter for airway obstruction and concluded that this proof-ofconcept study demonstrates a significant improvement in lung function parameters in children with mild, persistent, uncontrolled asthma by an add-on treatment with the ivy leaves dry extract EA 575 ® .
Further comparative studies
The potency of two different EA 575 ® dosage forms (ethanol-free syrup, 3 times with 5 mL per day; ethanol-containing drops, 3 times with 20 drops per day) was compared in a randomized, double-blind, crossover study by assessing the lung function of 25 children (age 10-15) with chronic obstructive pulmonary diseases [23] . Lung parameters were measured on days 1, 5, and 10. After 10 days, a clinically relevant and statistically significant improvement of body plethysmographic (RAW, ITGV, SRAW) and spirometric parameters (FEV 1 , FVC, VC, PEF) could be shown in both groups (e.g., RAW after 10 days: − 0.38 mb/l/s syrup; − 0.35 mb/l/s drops). The results indicate that both ethanol-free syrup and ethanol-containing drops are effective preparations. In order to achieve a comparable effect, alcohol-free preparations should be submitted in approximately 2-fold higher dose as the respective alcohol-containing preparations. In a randomized, crossover study, the effect of two different galenical formulations of EA 575 ® were compared in the treatment of children (n = 26, 5-11 years) suffering from asthma bronchiale [24] . The patients were treated with ivy leaves extract drops (2 times with 25 drops per day) or suppositories (2 times with 1 per day) for three days each, interrupted by a washout phase of two to four days. Besides spirometric and body plethysmographic (FEV 1 , FVC, RAW, ITGV, RV, SRAW) assessment, the patients were asked to document peak flow values and symptoms. Both therapy forms resulted in a clinically relevant and statistically significant improvement in pulmonary function parameters (RAW: − 0.20 kPa/l/s drops, − 0.15 kPa/l/s sup.; FEV 1 : + 0.23 l drops, + 0.29 l sup.; FVC: + 0.21 l drops, + 0.27 l sup.). The tolerability of the treatment was rated "very good" by 25 patients. These results support the data obtained by Mansfeld et al. [21] and Zeil et al. [22] and further confirm the positive effect of ivy leaf preparations as a supportive treatment of asthma bronchiale. In 2000, a preparation containing a different ivy leaves extract (DER: 3-6 : 1, 60% ethanol V/V) was compared with Prospan ® syrup in the treatment of 52 children (up to the age of 12) suffering from bronchitis [25] in a randomized multicenter study. The therapy was conducted for ten days, and the efficacy was evaluated by registration of the severity of bronchitis in a visual analogue scale (VAS, done by the physician on days 1 and 10). Besides the VAS score, other parameters such as condition of the patient, symptoms, tolerability, and auscultation were assessed. The severity of bronchitis decreased by at least 50% in 98 % of the patients. Furthermore, at the end of the study, 26.9 % of the DER: 3-6 : 1 and 36.5 % of the DER: 5-7.5 : 1 group showed no bronchitis symptoms anymore. The safety of ivy leaf preparations was again confirmed, as no adverse events were observed. The study was carried out unblinded, which complicates the comparison of both preparations. However, the study confirms the efficacy and excellent tolerability of ivy leaf preparations in the treatment of respiratory diseases. A further study compared the efficacy and tolerability of formulations containing two different ivy leaf extracts (drops, DER: 2.2-2.9 : 1, 50% ethanol V/V: propylene glycol 98 : 2 and EA 575 ® drops) in 590 patients (2-86 years) with acute bronchitis [26] . The patients took one of the medications 3 times daily (from 10 years: 24 drops; 4-10 years: 16 drops; 2-4 years: 12 drops) over a period of seven days. After the admission examination, patients returned for two further examinations (days 4 and 7). The evaluation of efficacy was based on the reduction of the bronchitis severity score (BSS) and the assessment of the global efficacy by the investigators. The tolerability was evaluated by both investigators and patients using a verbal rating scale. Both groups showed a decrease of BSS to a similar extent (6.2-6.3 on day 1 to 1.4-1.6 on day 7) and a comparable rating in global efficacy and tolerability ("better than good" in both cases). Regarding several BSS subscales, a larger improvement could be observed in patients of the Prospan ® group. The results of the study confirm the efficacy and tolerability of ivy leaf extracts.
Non-interventional studies
In a single center clinical test, 26 children (age 4-10 years) suffering from chronic-obstructive bronchitis were treated with EA 575 ® -containing syrup (4 times with 1-2 teaspoons per day) for four weeks [27] . The assessment of the efficacy of the therapy was carried out by weekly spirometric tests (e.g., VC, FVC, FEV 1 , PEF) and auscultatory findings. Furthermore, the patients were asked to note dyspnea, frequency of coughing attacks, and expectoration in a patient diary. The symptoms alleviated rapidly and were either completely absent or present in an extremely mild form after conclusion of the therapy (e.g., statistically significant reduction of coughing frequency, p < 0.01). Supporting the alleviation of the subjective parameters, significant improvements in all measured spirometric parameters were already identified after one week and auscultation identified significant differences in dry rale between the start and the end of the study. The tolerance of the therapy was assessed as excellent in 92.3 % of cases. In a multicenter surveillance study, the efficacy and safety of an ivy leaves syrup was investigated in the treatment of 113 children (6-15 years) suffering from recurrent obstructive bronchitis [28] . Over a period of up to 20 days (in some cases up to 30 days), 3 times with 5 mL syrup were administered daily to 64% of the children, whereas 32 % got a higher (20-25 mL) and 4% a lower (7.5-10 mL) daily dose. The evaluation was based on spirometric (FVC, FEV 1 , PEF, MEF 25 , MEF 50 ) and symptomatic (interview by physicians, patientʼs diaries) parameters. After the treatment, the lung function of the patients significantly improved (e.g., FEV1: + 0.167 l). Additionally, physicians confirmed a significant decrease in the quantity of cough and rated 85.7 % of the patients as "healed" or "significantly improved". The medication tolerability was rated as "very good" or "good" in 98.2 % of the cases. The efficacy and tolerability of EA 575 ® -containing syrup and effervescent tablets was assessed in two further open comparative multicentrically designed post-marketing observation trials [29] . Altogether 248 patients (0-79 years) suffering from inflammatory and/or obstructive diseases of the respiratory tract were treated with syrup (7.3 ± 2.4 days) or effervescent tablets (8.2 ± 2.5 days). 76 % of the patients were treated following the recommended dosing in the patient information leaflet, 12 % were treated with a higher, and 12 % with a lower dose as recommended. The efficacy of the therapy was assessed by a doctor in a 4-level scale and by the patient judging the improvements of individual symptoms. The evaluation of tolerance resulted from the occurrence of adverse effects and from a general assessment made by the doctor. The efficacy of the therapy was rated as "very good" to "good" by the physicians in 86 % of the cases. With regard to the individual symptoms, cough and expectoration had improved in 90% of the cases, and dyspnea and respiratory pain disappeared in 60 % of the cases. Besides the excellent efficacy, the therapy tolerability was rated as "very good" to "good" by 98 % of the patients. The results of the study demonstrate that the different dosages of the various administration forms of EA 575 ® established in clinical trials are also valid in wide clinical practice. EA 575 ® -containing effervescent tablets were evaluated regarding their efficacy and tolerability in an additional multicenter post-marketing surveillance study by treating 1350 patients (4-98 years) suffering from chronic bronchitis [30] . The patients were treated according to the recommended dosing in the patient information leaflet for four weeks. During baseline examination, the symptoms of the bronchial illness and their duration were documented using a standardized questionnaire. At the end of the observational period, the physicians assessed the effectiveness and the tolerability of the treatment. Additionally, the patients were asked to describe any occurring adverse effects. After four weeks, more than 80 % of the patients showed improved symptoms (cough 92.2 %, expectoration 94.2 %, dyspnea 83.1 %, respiratory pain 86.9%) and were free of complaints in each of the four symptoms in 38 % of the cases. Only three (0.2%) of the patients experienced adverse events in which a causal relationship to the drug under investigation could not be excluded. The high level of tolerability of the EA 575 ® -containing syrup preparation was confirmed in a retrospective survey [31] . In the study, the type and frequency of adverse drug reactions of 52 478 children (0-12 years) with symptomatic respiratory tract diseases, who were treated with ivy leaves syrup, were evaluated by the use of structured questionnaires. As a result, adverse drug reactions (ADR) occurred in only 0.22 % (115) of all patients, which were all non-serious, mild, and transient in nature. The incidence of ADRʼs decreased with increasing age. Furthermore, the most frequently mentioned ADR was diarrhea, which, in most cases, presumably results due to the sorbitol content of the cough syrup. The study provides substantial information on tolerance and safety because it included a large number of patients [4] . The tolerance, safety, and efficacy of H. helix extract was evaluated in a prospective post-marketing study with a large patient collective (n = 9657, 0-98 years, 53.7 % children) suffering from acute or chronic inflammatory bronchial diseases [32] . The patients were treated with ivy leaves syrup (0-5 years: 3 times with 2.5 mL; 6-12 years: 3 times with 5 mL; > 12 years: 3 times with 5-7.5 mL per day) for seven days. Afterwards, the severity of the symptoms was compared with the initial examination, and the tolerability of the therapy was assessed by the physicians with a semi-closed questionnaire. In 95.1 % of the cases, the symptoms (cough, expectoration, dyspnea, respiratory chest pain) were improved or completely absent. The tolerability of the therapy was rated as "good" or "very good" in 96.6 % of the cases. Adverse events were only reported in a total of 2.1 % of the patients, mostly reported in children mainly as mild or transient gastrointestinal disorders. The additional treatment with antibiotics might contribute to the increased rate of ADRʼs compared to other studies, as the occurrence of gastrointestinal side effects during therapy with antibiotics is often observed. Therefore, it is most likely that the gastrointestinal side effects are primarily caused by the antibiotic treatment. The study provides substantial information on tolerance and safety because of the large number of patients and the use of relatively high dosages [4] . The tolerability of the ivy leaves dry extract in tablet form was evaluated in a post-marketing surveillance study by the treatment of 330 patients (11-85 years) suffering from colds accompanied by coughing or from chronic inflammatory bronchial diseases [33] . The patients received at least a seven-day treatment with a dose of 3 times 1 to 3 times 2 tablets per day. The tolerability was assessed by both practitioners and patients using questionnaires, whereas the compliance was evaluated only by the physicians. The excellent tolerability of the ivy leaves preparation could again be confirmed, as 98.5 % of the practitioners and 96.4 % of the patients judged the treatment as "very good" or "good" (no serious ADR was reported). Furthermore, the physicians rated the compliance of the tablet formulation as "good" in 99.1 % of the cases. In a prospective post-marketing study, 193 children (2-14 years) suffering from acute airway disease were treated with a H. helix extract-containing syrup [34] . The characteristics of individual symptoms (cough, expectoration, dyspnea, pain associated with cough) were evaluated before and seven days after treatment. The tolerability was documented by evaluation of all undesirable effects. After therapeutic intervention, 93.7 % of the children experienced full or partial improvement of the symptoms (e.g, productive cough: 43.6 % at first visit, 84.9 % after seven days, significantly decreased nocturnal cough and frequency of cough). Furthermore, physicians and patients assessed the treatment of the symptoms with ivy leaves extract to be superior compared to treatment with other therapies in the past. The safety of the therapy with ivy leaf extracts was again confirmed, as 97.9 % of the patients assessed the tolerance as "good" or "very good".
